• Background and Aims Trees adjust the configuration of their conductive system in response to changes in water availability, maximizing efficiency in wet environments and increasing safety in dry habitats. However, evidence of this general trend is not conclusive. Generalist species growing across broad climatic gradients provide an ideal framework to assess intra-specific xylem adjustments under contrasting environmental conditions. Our aims were to compare the response of xylem traits to variations in precipitation of two co-occurring generalist tree species, and to assess climate control on xylem trait variability and co-ordination.
INTRODUCTION
Increasing temperature and a higher frequency and intensity of drought events are triggering worldwide tree dieback (e.g. Allen et al., 2010; Sánchez-Salguero et al., 2012; Greenwood et al., 2017) , clearly evidencing that climate change is already impacting forest ecosystems. Understanding the response of forests to this novel scenario requires a better comprehension of plants' adjustments to climate variability. Natural gradients provide an ideal framework to assess this question (De Frenne et al., 2013) , since they allow the evaluation of species' adjustments across contrasting environmental conditions. The adaptive potential of widespread species has been attributed to intra-specific variation in functional traits (Burns, 2004; Richards et al., 2005; Violle and Jiang, 2009) ; thus, linking patterns of trait variation with species' ability to inhabit environmental gradients may contribute to prediction of community responses to local or global environmental changes and hence provide valuable insights into the mechanisms that control local functional diversity.
Water availability is considered a key factor underlying trait variability among populations and communities (Maherali et al., 2004) . The relationship between plants and water flow is mediated by the configuration of the hydraulic system (Tyree and Zimmermann, 2002) . Hydraulic efficiency of the stem xylem conductive system is determined by hydraulic conductivity, i.e. the volume of sap that can be moved through the xylem normalized by time, cross-sectional area, length and pressure gradient. Hydraulic safety refers to the ability to maintain xylem conductivity at decreasing water potential, i.e. without occurrence of embolism Tyree and Zimmermann, 2002) . Efficiency and safety have been considered to represent a trade-off in hydraulic system functionality (Sperry, 2003) . As a result, xylem traits show conspicuous anatomical responses to environmental conditions. The vessel lumen area of angiosperms diminishes in plants inhabiting dry or cold areas, and increases in moist and warm environments (Sperry et al., 2008; Hacke et al., 2017) , because wide vessels prioritize water conductivity at the expense of higher embolism risk by either drought or frost (Tyree and Sperry, 1989) . However, evidence of this safety-efficiency trade-off is not conclusive, and some species may show simultaneously reduced xylem safety and low hydraulic efficiency (Maherali et al., 2004; Gleason et al., 2016a) .
Several potential factors may modulate the relationship between the conductive system of plants and the environment. First, wood traits are co-ordinated with leaf-level adjustments (Castro-Díez et al., 1998; Martínez-Vilalta et al., 2009) , especially under harsh climatic conditions (Zeballos et al., 2017) . For instance, leaves may close their stomata to avoid water losses by evapotranspiration when water is scarce, thus reducing embolism risk (Martínez-Vilalta and García-Forner, 2016) . Secondly, leaf habit may alter the relationship between xylem and climate (Castro-Díez et al., 1998; Pérez-de-Lis et al., 2018) . Deciduous trees shed leaves during the unfavourable season and thus reduce plant hydraulic demands, enabling them to tolerate large hydraulic conductance losses (Sperry et al., 1994) . As a result, deciduous species may have larger vessels compared with evergreen congenerics, since vessel lumen area is less constrained by unfavourable conditions (Castro-Díez et al., 1998; Gorsuch et al., 2001) . The relationship of xylem traits to climate may also shift between sexes in dioecious species (Olano et al., 2017) , and in other cases xylem traits may even be unresponsive to environmental gradients (Martínez-Vilalta et al., 2009) . All these factors make xylem adjustments across environmental gradients not easily predictable for coexisting species differing in leaf traits, leaf habit or reproductive conditions.
In this study, we focused on two widespread, small-statured tree species with contrasting foliar habit that grow in southern Chile, the evergreen Embothrium coccineum and the deciduous Nothofagus antarctica. We evaluated xylem adjustments of both species across an abrupt gradient of annual precipitation from inland (500 mm) to coastal (2500 mm) forests in Patagonia, Chile, also considering variations in temperature. We measured wood density, vessel lumen area and density, percentage of conductive area and vessel grouping, and estimated the hydraulic function from anatomical measurements (hydraulically weighted mean diameter and xylem-specific hydraulic conductivity) (1) to assess whether xylem traits show similar responses to the environmental gradient in both species; and (2) to estimate to what extent xylem trait variability was controlled by climate. We also evaluated co-ordination among xylem traits in both species, since inter-relations among xylem traits commonly observed in inter-specific comparisons, such as the positive correlations between conduit dimensions and hydraulic conductivity, and between wood density and vulnerability to embolism Chave et al., 2009; Lachenbruch and McCulloh, 2014; Rosner, 2017) , might be weak at the intra-specific level (Martínez-Vilalta et al., 2009; Schreiber et al., 2011) . We hypothesized that patterns of xylem trait variation along the precipitation gradient would be similar in both species according to the safety-efficiency trade-off. Despite the phylogenetic distance between both species, their xylem anatomies were expected to differ. We also hypothesized that xylem trait variation in the deciduous N. antarctica would show weaker correlation with climate than in the evergreen E. coccineum.
MATERIALS AND METHODS

Species and research site descriptions
Embothrium coccineum J.R. & G. Forster (Proteaceae) and Nothofagus antarctica (Foster) Oerst. (Nothofagaceae) are two small-statured tree species (5-8 m mean height) that are evergreen and deciduous, respectively. Both species have a broad latitudinal distribution throughout Chile and Argentina, from central Chile (34°S) to Tierra del Fuego (55°S), ranging from superhumid to dry sites, and from sea level to, in many cases, the treeline limit (Fajardo and Piper, 2015) . In the Aysén region (Patagonia, Chile), these two species prevail across an abrupt precipitation gradient (2500 to 600 mm year -1 , 9.2-11 °C temperature difference between mean warmest and mean coldest months; Fig. 1 ; Table 1 ). In this study, we worked in three areas across this precipitation gradient that differ considerably in climatic conditions and hence in vegetation.
The wettest area was located around the city of Puerto Aysén (45°24′27″S, 72°41′39″W, approx. 30 m a.s.l.), at the westernmost part of the gradient. Here, annual precipitation is 2034 mm year -1 (Puerto Aysén weather station, 32 m a.s.l.; Dirección General de Aguas, 2007 Aguas, -2017 . Precipitation is evenly distributed throughout the year. Mean summer temperature (December-February) is 12.7 °C, whereas mean winter temperature (June-August) is 4.4 °C (data for the period 1981-2010 generated with the ClimateSA v1.0 software package, available at http://tinyurl.com/ClimateSA; Hamann et al., 2013) . In this area, both target species occur within a speciesrich temperate rainforest that prevails under a hyper-humid climatic regime (Luebert and Pliscoff, 2006) . Dominant species include Drimys winteri (Winteraceae), Nothofagus betuloides and N. nitida (Nothofagaceae), Amomyrtus luma (Myrtaceae), Laureliopsis philippiana (Atherospermataceae), Lomatia ferruginea (Proteaceae), Caldcluvia paniculata and Weinmannia trichosperma (Cunnoniaceae), Podocarpus nubigenus (Podocarpaceae) and Pilgerodendron uviferum (Cupressaceae), among others.
The mesic area was located around the city of Coyhaique (45°34′47″S, 72°03′40″W, approx. 280 m a.s.l.). Mean annual precipitation is 910 mm year -1 (Coyhaique National Reserve weather station, 400 m a.s.l.; Dirección General de Aguas, 2002 Aguas, -2015 , with a slight drop in precipitation in February. This is the coldest area, since mean summer temperature (December-February) is 11.2 °C, whereas mean winter temperature (June-August) is 1.7 °C. The forest here has lower species richness, and is dominated by Nothofagus pumilio, N. antarctica, N. dombeyi, E. coccineum, Ribes magellanicum (Saxifragaceae) Sampling was conducted in November-December 2013. Four sites separated by a minimum distance of 5 km were selected in each of the three contrasting precipitation areas to enhance replication and include variability within areas ( Fig. 1 ; Table 1 ). At each site, five individuals per species were sampled. We restricted the sampling to adult, unshaded trees without browsing or other apparent damage. For each individual tree, we cut at approx. 2 m height one 2 m long terminal, sunexposed branch with fully expanded leaves using a telescoping pole (ARS Corporation, Sakai, Japan). This standardization of branch length minimizes xylem anatomical and hydraulic differences related to distance to the branch tip (Carrer et al., 2015) . For each branch, we selected and cut two 2 cm wide pieces of wood of similar diameter (1.5-2 cm). Both wood pieces were labelled and placed in a cooler for transportation.
In the laboratory, the fresh volume for one of the two pieces of branch per individual was determined by submerging the wood (without bark) into a glass beaker on a scale. The mass difference caused by the sample, which equals the volume of water displaced, was recorded and converted to volume based on the density of water as 1.0 g cm -3 at standard temperature and pressure. Samples were then dried in a forced-air oven (Memmert GmbH, Schwabach, Germany) at 70 °C for 72 h and the dry mass was subsequently measured. Wood density (WD) was then calculated as the oven-dry mass per green volume (Williamson and Wiemann, 2010) .
Quantitative wood anatomy
The second piece of branch was used to measure xylem anatomy. Xylem anatomical analyses followed the protocol proposed by von Arx et al. (2016) . Anatomical cross-sections of 10 μm thickness from the remaining pieces of wood were produced with a sledge microtome (Gärtner et al., 2015) . These cross-sections were then placed on a slide and stained with Alcian blue (1 % solution in acetic acid) and safranin (1 % solution in ethanol). Afterwards, the cross-sections were dehydrated using a series of ethanol solutions of increasing concentration, washed with xylol and permanently preserved by embedding them in Eukitt glue. Overlapping images covering a complete radius from pith to bark were captured with a Nikon D90 digital camera mounted on a Nikon Eclipse 50i optical microscope with ×40 magnification (corresponding to a resolution of 0.6134 pixels μm ) and merged to a single image using PTGUI v8.3.10 Pro (New House Internet Services B.V., Rotterdam, The Netherlands).
In each image, we measured seven anatomical traits associated with hydraulic function in the last complete annual ring (i.e. the ring formed in the growing season 2012-2013). Five of these traits were directly measured from images, and the others were derived from these measurements. Directly measured traits were: (1) vessel density (VD; no. mm -2 ), which is the number of vessels per mm 2 ; (2) mean vessel lumen area (MVA; μm 2 ), which is the average lumen area of vessels; (3) percentage of conductive area per ring (CA), obtained as the cumulative lumen area of all counted vessels divided by the ring area; (4) vessel grouping index per annual ring (VGI), which is the mean number of vessels with contiguous cell walls (von Arx et al., 2013) ; and (5) vessel solitary fraction per annual ring (VSF), i.e. the percentage of solitary vessels with respect to all vessels in the ring. From these data, we calculated two derived traits: (6) hydraulically weighted mean diameter (Dh; μm), based on the vessels' contribution to hydraulic conductance according to the Hagen-Poiseuille law, obtained as Dh = Σd
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4 , where d is the lumen diameter of each vessel (see Kolb and Sperry, 1999) ; and (7) an anatomy-based estimate of specific hydraulic conductivity (Ks; m 2 s -1 MPa -1 ), which is the hydraulic conductivity per unit area, where the hydraulic conductance of each cell is calculated following Nonweiler (1975) and considering the ovality of cells (see equations in Olano et al., 2017) .
Vessel anatomical features were measured using ROXAS v3.0 (von Arx and Dietz, 2005; von Arx and Carrer, 2014) , a specific image-analysis tool based on Image-Pro Plus (Media Cybernetics, Silver Spring, MD, USA). We first adjusted ROXAS settings to create different configurations of parameters used for automatic identification of vessel lumina. For each species, we performed a preliminary visual exploration to adjust the maximum and minimum vessel lumen area, vessel ovality and several colour parameters. With this information, we created specific configurations for the automatic analysis. In some cases, several configurations differing in parameters related to colour and vessel shape were needed to account for the variability in image quality. We used these configurations to analyse all samples automatically. The automatic output was then manually edited by drawing the last ring boundaries, deleting erroneously detected vessels (e.g. in parenchyma rays) and rectifying additional misidentifications. Then, exclusion areas were used to leave out parts of the image with lower quality (e.g. broken vessels introduced during sample preparation). In the last step of the manual editing, the 100 largest vessels per image were checked using the 'Outlier search' tool in ROXAS to find vessels that remained erroneously merged during the automatic analysis due to the presence of low contrast cell walls in some parts of the image. In high-quality images, this outlier search was only performed until no correction was needed after checking 20 consecutive vessels.
Climatic data
We used the ClimateSA v1.0 software package to generate data for the period 1981-2010 for each of the 12 sampling sites. This software is available at http://tinyurl.com/ClimateSA (Hamann et al., 2013) . Climatic data have been developed with the parameter-elevation regressions on an independent slopes model (PRISM), an expert interpolation approach described by Daly et al. (2008) which uses physiographic information to better predict climate patterns in mountainous terrain. Although sites within the same area were closer to each other than to sites within the other areas, they were far enough from one another to show differences in climate. We obtained data of mean annual temperature, mean coldest month temperature, number of frost-free days, mean annual precipitation and Hargreaves climatic moisture deficit (Table 1) . Climatic moisture deficit was obtained as the sum of the monthly difference between a reference evaporation calculated with the Hargreaves equation with a latitude correction applied (see Hamann et al., 2013) and precipitation.
Data analyses
Vessel lumen area and their contribution to potential hydraulic conductivity. For each species and site, we calculated the frequency distribution of vessels according to their lumen area. We grouped vessels by lumen area into 200 μm 2 and 100 μm 2 breaks (for E. coccineum and N. antarctica, respectively), i.e. we counted the number of vessels whose lumen area fell under each of these breaks or size classes. We also obtained the relative contribution of each of these classes to total water flow based on theoretical conductivity of each vessel in the class, according to Poiseuille's law. Frequency distributions of vessels in each class and theoretical hydraulic conductivity were compared at the species level between sites using two-sample Kolmogorov-Smirnov (K-S) tests (von Arx et al., 2012) . The vessel lumen area class at which 50 % of total water flow is achieved was also obtained per species and site. Variation in xylem traits along the gradient. In a preliminary step, we evaluated redundancy among xylem traits (i.e. the seven anatomical variables and WD) by examining the correlation matrix among them. Vessel solitary fraction and MVA were excluded from subsequent statistical analyses due to their high correlations with VGI and Dh, respectively (r > 0.9 in both cases). We previously obtained coefficients of variation (CVs) of all xylem traits per species within sites (n = 5 individuals per site of each species), within precipitation areas (n = 20 individuals per area of each species) and at the species level (n = 60 individuals of each species).
To evaluate intra-specific variations in xylem traits along the precipitation gradient, we fitted separate linear mixed models (LMMs) per species and trait. We considered the study area of precipitation as a fixed factor with three levels (wet, mesic and dry). Site was included as a random factor nested in area to incorporate the grouping structure of our data, since individuals within a site can show trait values more similar to each other than to individuals from other sites within a given area. Models were fitted using restricted maximum likelihood (REML), and normalized residuals were extracted. Residuals were checked for normality and homoscedasticity, and models were re-fitted allowing them to have different variances per area in cases where these assumptions were not met. We fitted revised models with maximum likelihood, compared them using the Akaike information criterion (AIC), selected models that minimized the AIC value and checked again for normality and homoscedasticity of residuals. Finally, the optimal models were re-fitted with REML (Zuur et al., 2009) . We used the 'nlme' package (Pinheiro et al., 2016) in R version 3.4.1 environment (R Core Team, 2016) to fit LMM.
We also compared global patterns of intra-specific variation in xylem traits along the precipitation gradient for the two species. To do so, we performed a principal component analysis (PCA) on an individual × xylem traits matrix to determine their variation structure. Then, we used canonical ordination techniques to evaluate the effect of species and area (and their interaction) on xylem traits. We performed a redundancy analysis (RDA; ter Braak, 1986), which combines multiple regressions with PCA, to relate the dependent matrix (xylem traits) to an explanatory matrix (species and area). We also performed partial RDA analyses to discriminate the independent effects of species and area on xylem traits. In all cases, the significance of explanatory variables was evaluated using a Monte Carlo test with 9999 permutations. These analyses were performed with the 'vegan' package (Oksanen et al., 2016) . Effects of climate on xylem trait variation. We used Pearson correlations to relate mean coldest month temperature and climatic moisture deficit with xylem traits. In addition, we used structural equation models (SEMs) to evaluate direct and indirect effects of these climatic variables on VD, Dh, Ks and WD, as well as the inter-relationships among these xylem traits and to CA, following the suggestion by Gleason et al. (2016b) . These models were based on the hypothesized xylem a djustments to differences in water availability and continentality (see the Introduction). We adjusted two models, one per species. Model parameters were estimated with maximum likelihood, and global model fit was assessed by using the goodness of fit index (GFI). The magnitude and significance of the direct and indirect effects were estimated from the standardized path coefficients by a multivariate Wald test. Structural equation models were performed with AMOS 18.0 software (AMOS Development Corp., Mount Pleasant, SC, USA).
RESULTS
Xylem anatomy and vessel lumen area distributions
Nearly one hundred thousand (97 711) vessels were measured in the last complete growth ring of the 120 sampled trees. In N. antarctica, the arrangement of the vessels was diffuseporous with a slight tendency to semi-ring porosity (Detmann et al., 2013) , whereas the xylem of E. coccineum was semiring porous with vessels arranged in tangential bands (Fig. 2) . Vessel lumen area showed large variability, ranging from 38 to 4389 μm 2 in E. coccineum, and from 27 to 2058 μm 2 in N. antarctica. Small vessels were by far the most abundant in both species (Fig. 3A, B) . However, the relative proportion of large vessels was higher in wet sites than in mesic and dry sites (P < 0.001 for all paired K-S tests comparing frequency distributions of vessel lumen area). This shift towards larger vessels in wet sites had a strong impact on their relative contribution to potential hydraulic conductivity (Fig. 3C, D) . The vessel lumen area class at which 50 % of total water flow occurred was larger at the wet site, especially in E. coccineum (P < 0.001 for all paired K-S tests comparing curves of estimated hydraulic conductivity). In other words, small changes in vessel lumen size distribution from wet to dry areas led to strong changes in vessel class contribution to water flow.
Variation in xylem traits along the gradient
Xylem traits were in general more variable in E. coccineum than in N. antarctica (Table 2) . Wood density was the least variable trait (<10 % of variation in all cases), whereas VD reached >50 % of variation in E. coccineum. The highest variation was found at the species level (i.e. considering all sampled individuals), but variability within areas was very close to the global variation in all traits of both species. Variation within sites was clearly lower than within areas.
Three xylem traits varied along the precipitation gradient in at least one species. Wood density increased significantly from wet to mesic and dry areas in E. coccineum (0.557 ± 0.006 g cm -3 ; mean ± s.e. at the species level), whereas it did not differ among areas in N. antarctica (0.562 ± 0.004 g cm -3 , Fig. 4A ). The hydraulically weighted mean diameter in E. coccineum (35.7 ± 0.7 μm) was significantly higher in the wet area than in the mesic and dry areas (Fig. 4B ), but this trait remained constant in N. antarctica (28.0 ± 0.4 μm). Vessel density (187 ± 13 vessels mm -2 in E. coccineum; 434 ± 16 vessels mm -2 in N. antarctica) varied along the gradient in both species, increasing significantly from wet to dry sites (Fig. 4C) . The percentage of the conductive area (10.68 ± 0.60 % in E. coccineum; 17.85 ± 0.64 % in N. antarctica) remained constant along the gradient (Fig. 4D) in N. antarctica; Fig. 4E ). Vessel grouping revealed a nonsignificant trend towards reduced VGI and increased VSF from wet to dry areas in E. coccineum (Fig. 4F) . Nothofagus antarctica showed the inverse trend, but this was still not significant.
Global variation patterns in xylem traits
The first two axes of the PCA explained 81.05 % of the variance in xylem traits (Fig. 5) . The first axis was related to CA, VD and Ks, and sorted individuals according to species identity. Individuals of N. antarctica showed in general higher VD, CA and Ks than individuals of E. coccineum. These three traits were orthogonal to WD and Dh, which were negatively correlated (r = -0.46; P < 0.001) and drove variation along the second axis. This axis was related to the precipitation gradient, with individuals showing higher WD and lower Dh at the dry area, and the opposite pattern at the wet area. The RDA confirmed the impact of species and moisture gradient on xylem configuration, as both factors explained 61.87 % of the variability in xylem traits (F = 36.994, P = 0.001). Partial RDAs determined the overwhelming effect of species (52.18 % of explained variance; F = 147.09, P < 0.001), but also the robustness of the effect of the climatic gradient (6.89 % of explained variance associated with area, F = 9.72, P < 0.001). Species per area interaction was not significant (P = 0.769), indicating a common response of both species in different areas.
Climatic control on xylem trait variation
Correlations and SEM showed a stronger climatic control on xylem traits in E. coccineum than in N. antarctica. The average coldest month temperature correlated negatively with WD and VSF, and positively with Dh and MVA in E. coccineum (Table 3 ). In contrast, temperature was only marginally correlated with VD in N. antarctica. The effect of climatic moisture deficit was more similar between species. Climatic moisture deficit correlated positively with VD and negatively with Dh and MVA in both species, although negative correlations were only marginally significant in N. antarctica. An additional positive correlation between climatic moisture deficit and WD was observed in E. coccineum. Structural equation models showed that neither temperature nor climatic moisture deficit affected xylem conductivity (Ks) directly, but rather via their influence on xylem traits and CA (especially in E. coccineum; Fig. 6 ). Covariation between temperature and climatic moisture deficit resulted in the effects of temperature on xylem traits being closely aligned with the effects of moisture deficit. In N. antarctica, the only xylem trait affected by climate was Dh, which decreased as climatic moisture deficit increased (Fig. 6A) . Increases in Dh led to increases in CA, which was in turn the main determinant of Ks. However, CA was also strongly affected by VD, which was independent of climatic moisture deficit at the individual level in this species. In E. coccineum, both Dh and VD were controlled by climatic moisture deficit and co-varied negatively, indicating that in drier sites, trees had smaller vessels and higher vessel density (Fig. 6B) . In addition, trees in drier sites had denser wood, as WD was directly controlled by climatic moisture deficit but also indirectly by Dh and by its covariation with VD. In the same way as for N. antarctica, the main determinant of Ks was CA, which in turn was strongly controlled by VD but also by Dh. As a result, both Dh and VD determined Ks in E. coccineum through their effect on CA, but also through direct effects. Interestingly, CA did not affect WD in any species. Both SEMs showed good fit to the data (GFI = 0.999 for E. coccineum, GFI = 0.992 for N. antarctica; values above 0.90 indicate a good fit).
DISCUSSION
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Only vessel grouping showed contrasting patterns in both species. Otherwise, the strength of climatic control on xylem traits varied between species: climatic control on xylem traits was tighter in the evergreen E. coccineum than in the deciduous N. antarctica, also supporting our second hypothesis. In our assessment, some of the studied traits remained constant across the gradient when they were compared among areas; however, when the focus was established on the analysis of trait co-ordination at the individual level, additional xylem adjustments were revealed.
Variation in xylem traits along the gradient
Vessel density increased at the drier edge of the gradient in both species, and the evergreen E. coccineum also experienced a decrease in Dh. Small vessels are indisputably more resistant to embolism, thus a reduction in the lumen area of the largest vessels under dry conditions could be interpreted as an increase in xylem safety (Tyree and Zimmermann, 2002) . Higher xylem safety as a response to dryness has been previously reported within and across species, although some discrepancies emerge among studies. Across species, Maherali et al. (2004) observed increased xylem safety with dryness in evergreen angiosperms but detected a lack of correlation between climate and hydraulic safety in deciduous angiosperms. A similar pattern was observed among congeneric species with contrasting leaf habit (Villar-Salvador et al., 1997) . Our results partially agree with both studies, since the deciduous N. antarctica experienced a similar pattern of Dh reduction with dryness, although it was only marginally significant. In this sense, our observations do agree with observed within-species reduction in MVA (strongly correlated with Dh) along aridity gradients for both evergreen (Fisher et al., 2007; von Arx et al., 2012) and deciduous species (Schreiber et al., 2015) . A striking result of our study is that the reduction in Dh was not linked to a drop of Ks, probably because of the simultaneous increase in VD. Thus, estimated xylem efficiency was maintained in combination with different levels of expected xylem safety, departing from the safety-efficiency trade-off hypothesis (Sperry, 2003; Zanne et al., 2010) . In addition, this departure might be related to the existence of different anatomical traits that operate simultaneously to determine total xylem efficiency (such as vessel diameter and length, inter-vessel pit membrane thickness and/or vessel connectivity), and to the fact that each of these features may have separate and different effects on safety (Gleason et al. 2016a) . Changes in anatomical features did not occur linearly across the gradient. In fact, vessel traits in the dry and mesic areas showed less difference from each other than with respect to the wet area. Specifically, WD and Dh in E. coccineum showed similar average values in the dry and mesic areas. The existence of significant correlations of these traits with both climatic moisture deficit and temperature of the coldest month may give some clues to explain this similarity between sites. Temperature of the coldest month was lower on average in the mesic than in the dry area, suggesting a higher risk of freezing-induced embolism in the mesic area. As a response, plants may reduce vessel lumen area and increase the density of narrower vessels to prevent freeze-thaw embolism (Castro-Díez et al., 1998; Medeiros and Pockmann, 2014) , similarly as for facing moisture deficit. However, according to the precipitation gradient, the dry area had a higher risk of drought-induced embolism, and therefore smaller vessels might help here to prevent embolism. The combination of both milder temperatures and higher moisture deficit may therefore have favoured adjustments at the xylem level similar to a combination of lower temperature with lower climatic moisture deficit.
Interestingly, vessel grouping showed contrasting patterns in both species. In the evergreen E. coccineum, vessels tended to be more grouped in warmer and moister areas. This is in line with a positive effect of winter temperature on vessel grouping observed in the deciduous shrub Betula nana on Greenland (Nielsen et al., 2017) . According to the air-seeding hypothesis (Alder et al., 1997; Wheeler et al., 2005; Loepfe et al., 2007) , the larger the contact surface among vessels, the higher the risk of embolism spreading from one vessel to the next by the aspiration of air through the pit pores (Sperry and Tyree, 1988; Brodersen, 2013; Brodersen et al., 2013) . The lower proportion of grouped vessels in dry and cold areas might thus be interpreted as an adjustment to lower the risk of embolism of connected vessels under frost and water limitation. In contrast, in the deciduous N. antarctica, the opposite trend was observed: vessels were more grouped in cold and dry areas. A high degree of vessel grouping might provide alternative pathways for water transport when a vessel is blocked by an embolism, allowing the water flow to continue through one or more adjacent vessels and thus improving the hydraulic redundancy (Baas et al., 1983; Tyree et al., 1994) . However, our contrasting results in two coexisting widespread species support the controversy about the functional role of vessel grouping under water limitation (von Arx et al., 2013) , pointing to a high degree of species specificity in this trait irrespective of the study system and a relative independence of vessel grouping from the other xylem traits.
Co-ordination among xylem traits
The analysis of the co-ordination between xylem traits at the plant level provided clues to interpret xylem adjustments across the climatic gradient. A remarkable result was that the percentage of conductive area (CA) was the main determinant of Ks in both species. CA is defined as VD times MVA (Carlquist, 2001) . While the influence of VD and MVA on CA is thus linear, similar CA values might have led to very different Ks values depending on vessel lumen area distribution. The reason for this is that Ks scales to the fourth power of diameter (Tyree and Ewers, 1991) , whereas Ks scales proportionately with vessel density, i.e. many small vessels within a given xylem area would form a less efficient xylem than fewer larger vessels. Yet, our results indicate that changes in vessel density and vessel lumen area distribution were coordinated to keep Ks constant. However, co-ordination among vessel traits at the plant level has been poorly explored so far, and thus more research is needed to evaluate the role played by trait integration on the hydraulic function (Gleason et al., 2016b ).
An additional result was that xylem traits in the evergreen E. coccineum showed a stronger climate control than in the deciduous N. antarctica. This tighter climatic control was indicated by the direct effect of climatic moisture deficit on Dh, VD and WD, supporting the higher xylem trait dependence from climate in evergreen species (Sperry et al., 1994; Villar-Salvador et al., 1997; Castro-Díez et al., 1998; Maherali et al., 2004; Pérez-de-Lis et al., 2018) . Similarly, inter-relations among xylem traits were stronger in E. coccineum than in N. antarctica, including a negative covariation between VD and Dh that was not detected in the deciduous species. Significant correlations are highlighted in bold (P < 0.05) and in bold italics (P < 0.1).
WD, wood density; VD, vessel density; CA, percentage of conductive area; MVA, mean vessel lumen area; Dh, hydraulically weighted mean diameter; VGI, vessel grouping index; VSF, vessel solitary fraction; Ks, anatomy-based estimate of xylem-specific hydraulic conductivity.
Wood density and climate
Wood density was the trait with the lowest variability. Among several functional traits, WD has continuously shown a very low intra-specific variation, commonly lower than 10 % (Fajardo and Piper, 2011; Siefert et al., 2015; Fajardo, 2016 Fajardo, , 2018 . Nevertheless, WD variability was strongly correlated with climate in the evergreen E. coccineum, with denser wood occurring under dry and cold conditions as expected according to its positive correlation with resistance to hydraulic embolism (e.g. Detmann et al., 2013; Rosner, 2017) . In general, WD showed a negative correlation with Dh and was orthogonal to the other xylem traits. However, SEMs showed that at the individual level, WD in E. coccineum was determined by climatic moisture deficit and Dh, while it was completely independent of climate and of the other xylem traits in N. antarctica. The climatic independence of WD in N. antarctica is similar to that observed in the congeneric N. pumilio across elevational gradients (Fajardo, 2018) , and to trends observed across species (Preston et al., 2006) . A possible explanation for the independence between WD and the other traits is that WD was measured in the whole branch section, whereas anatomical traits were measured only in the last growth ring. In addition, WD may be more linked to the proportion of fibres or to wood elements other than vessels (Zanne et al., 2010; Zieminska et al., 2013) . 
Conclusions
We demonstrate that vessel size-related reduction in hydraulic efficiency within a species can be compensated through increases in vessel density. This implies a departure from the safety-efficiency trade-off, since estimated xylem efficiency can in fact be maintained in combination with different levels of expected xylem safety. Otherwise, the existence of contrasting relationships of xylem traits with climate in both study species indicates that predictions of community responses to local or environmental changes should consider the potential existence of differences in trait sensitivity to climatic variations among coexisting species. The fact that coexisting species may achieve similar responses to environmental gradients through alternative internal adjustments might increase resilience of temperate forests against unpredictable changes in climatic conditions.
